1. Introduction
===============

Chronic kidney disease (CKD) is now considered one of the strongest risk factors for all causes of mortality and cardiovascular events. Furthermore, endothelial dysfunction, smooth muscle cell proliferation, and atherosclerosis are highly common in CKD and may be implicated in the pathogenesis of cardiovascular disease (CVD) ([@b1-epj-08-1966]). Because traditional risk factors alone cannot explain the high prevalence of CVD in CKD patients, inflammation, oxidative stress, and insulin resistance are being studied increasingly as important, non-traditional risk factors ([@b2-epj-08-1966]). Adipose tissue is now known to be a hormonally-active organ that releases a large number of bioactive proteins and adipokines that regulate body weight, energy homeostasis, insulin resistance, blood lipid levels, endothelial health, coagulation, fibrinolysis, and inflammation ([@b3-epj-08-1966], [@b4-epj-08-1966]). Patients with CKD have markedly elevated serum levels of Adipokine, which probably is due to decreased renal excretion ([@b5-epj-08-1966], [@b6-epj-08-1966]). Visfatin is an adipokine that was identified in 2004, and its name suggests that it is produced predominantly and secreted in visceral fat ([@b7-epj-08-1966]). Its genes encode 491 amino acids, and it has a molecular weight of 52 kDa. It is identical to pre-B cell colony-enhancing factor, which was described in 1994 as a cytokine that is produced by lymphocytes that acts on the maturation of lymphocytes and serves as a regulator of inflammatory responses. Visfatin also was recognized recently as the formerly described nicotinamide phosphoribosyltransferase (NAmPRTase), which is the limiting enzyme in nicotinamide adenine dinucleotide biosynthesis that is involved in the production of reactive oxygen species ([@b8-epj-08-1966], [@b9-epj-08-1966]). Visfatin has been the subject of extensive research due to its pleiotropic action. Interestingly, it also acts as an inflammatory cytokine, with its levels becoming elevated in several acute and chronic inflammatory diseases, such as sepsis, acute lung injury, rheumatoid arthritis, and inflammatory bowel disease ([@b10-epj-08-1966]). Also, Axelsson et al. ([@b11-epj-08-1966]) found that visfatin is associated with the biomarker of endothelial damage in CKD, i.e., soluble vascular adhesion molecule 1. An association has been observed between proteinuria, which is an important predictor of endothelial dysfunction (ED) in early diabetic nephropathy, and visfatin level ([@b12-epj-08-1966]). In 2007, Axelsson et al. ([@b11-epj-08-1966]) reported an increased serum level of visfatin in chronic kidney disease (CKD). Subsequently, several other studies reported a similar relationship ([@b13-epj-08-1966], [@b14-epj-08-1966]). Serum visfatin concentration was significantly higher in uremic patients on hemodialysis compared with the control; serum visfatin is upregulated in these patients. However, further investigations of the relationship between serum visfatin and the various pathophysiological aspects of renal disease are warranted ([@b15-epj-08-1966]). Elevated visfatin related to markers of inflammation might represent a novel link between inflammation and adipocytokines in dialyzed patients. Time on dialyses and dialysis adequacy may influence visfatin in dialyzed patients due to the decreased clearance of visfatin ([@b16-epj-08-1966]). This study was designed to assess visfatin as an adipokine in patients on maintenance hemodialysis in conjunction with carotid duplex assessment in order to clarify its role as a risk factor for CV complications in HD patients.

2. Material and Methods
=======================

2.1. Research design and patients
---------------------------------

This case-control study was conducted in 2015 on 60 subjects divided into two groups as follows:

1.  Hemodialysis group (HD) (n = 40): They were patients selected from the hemodialysis unit of Theodor Bilharz Research Institute. They went through regular sessions of hemodialysis three times per week. They were dialyzed using hemophan membranes. Dialysis was done using an acetate solution for four hours in each session. HD patients were subdivided further into a) a diabetic HD group (n = 20) and b) a non-diabetic HD group (n=20).

2.  Control group (n = 20): They were 20 healthy individuals who were age and gender matched with the subjects.

2.2. Exclusion criteria
-----------------------

Patients with acute and chronic inflammatory diseases, including sepsis, acute lung injury, rheumatoid arthritis, and inflammatory bowel disease were excluded from the study.

2.3. Data collection and laboratory methods
-------------------------------------------

All subjects were subjected to the following:

1.  Informed written consents were obtained from all patients according to the declaration of Helsinki.

2.  Full history taking.

3.  Clinical examination to detect signs of CV complications and to confirm the diagnosis.

4.  Carotid Duplex: A 7.5 MHz, high-resolution probe was used to conduct ultrasonographic studies on the carotid arteries. The intima-media thickness (IMT) was defined as a low-level echo gray band that does not project into the arterial lumen. This band was measured during end-diastole as the distance from walls of the distal segment of the common carotid artery, the carotid bifurcation, and the initial tract of the internal carotid artery on both sides.

5.  Laboratory Investigations: 5 ml of venous blood samples were withdrawn from the anticubital vein from all subjects after they had fasted 12--16 hours overnight fast under aseptic conditions. Routine tests were performed immediately, and aliquots were stored at −60 °C for further estimation of serum levels of visfatin. The laboratory tests included: A) Routine laboratory investigations included fasting glucose, creatinine, urea, calcium, phosphorus, sodium, potassium, total cholesterol, triglycerides, HDL, and Hemoglobin. We calculated the estimated GFR using the modified diet renal disease (MDRD) equation as follows: eGFR (mL/min/1.73 m^2^) = 175 × (sCr)^−1.154^ × (Age)^−0.203^ × 0.742 (if female); B) Special laboratory tests, included serum visfatin that was determined by a competitive enzyme immunoassay kit supplied by Sigma-Aldrich (St. Louis, MO, USA). According to the manufacturer, the lowest detection concentration of visfatin was 379 pg/ml, intra-assay CV \< 10% and interassay CV \< 15%.

2.4. Statistical Analysis
-------------------------

Statistical analysis was performed using SPSS version 17 (SPSS, Inc., Chicago, Illinois, USA). Data were expressed as the mean ± standard deviation (SD) for numerical variables. p ≤ 0.05 was considered to be statistically significant, and p \< 0.01 was considered to be highly statistically significant.

3. Results
==========

Demographic features of the studied groups are presented in [Table 1](#t1-epj-08-1966){ref-type="table"}. Our study revealed that serum levels of visfatin, urea, creatinine, phosphorus, Ca×Ph, potassium, fasting glucose, triglycerides, and LDLc showed a statistically significant increase in HD patients compared to the control group. In HD patients, there was a statistically significant decrease in eGFR, Na, HDLc, and Hb compared to the control group ([Table 2](#t2-epj-08-1966){ref-type="table"}). In diabetic HD patients, serum visfatin levels showed a highly significant increase compared to both non-diabetic HD patients and the control group. Also, there was a highly significant increase in visfatin in non-diabetic patients compared to the control group. (Visfatin levels were 110.32 ± 46.98, 68.90 ± 11.03, and 58.24 ± 8.56 in the diabetics on HD, non-diabetics on HD, and the control group, respectively, with p \< 0.01 versus the control group and p \< 0.01 versus the non-diabetics group.) Carotid intima-media thickness showed a highly significant increase in the HD patients compared to the control group. (IMTs were 1.10 ± 0.18 and 0.44 ± 0.14 in the HD and control groups, respectively, p \< 0.01.) In the hemodialysis patients, serum visfatin was correlated positively with urea, creatinine, and IMT, and it was correlated negatively with eGFR, Na, and HDL ([Table 3](#t3-epj-08-1966){ref-type="table"}).

4. Discussion
=============

Atherosclerotic vascular complications are the main cause of premature morbidity and mortality of patients with CKD ([@b17-epj-08-1966]). However, it is now recognized that factors peculiar to inflammation have an important role in the pathogenesis of cardiovascular disease among these patients ([@b18-epj-08-1966]). The causes of inflammation among patients with CKD are complex and multifarious ([@b2-epj-08-1966]). A recent study indicated that adipose tissue is an active endocrine organ and can secret numerous adipokines, such as leptin, adiponectin, and visfatin ([@b19-epj-08-1966]). Visfatin is an adipokine with pro-inflammatory properties and is considered as a new marker of inflammation via either a compensatory response or an epiphenomenon ([@b20-epj-08-1966]). This study was designed to assess visfatin as an adipokine in patients on maintenance hemodialysis in conjunction with carotid duplex assessment in order to clarify its role as a risk factor for CV complications in HD patients. In our study, we demonstrated a statistically significant difference in serum TG, LDLc, and HDLc levels in the HD group compared to the control group. Previous studies ([@b21-epj-08-1966], [@b15-epj-08-1966]) had similar results, showing that higher visfatin levels were associated with decreased GFR, increased serum triglyceride and LDL cholesterol levels, and impaired endothelial function. Therefore, one would expect an increased probability of cardiovascular events in CKD patients with elevated serum visfatin concentrations due to their increased levels of TG and their reduced level of HDL cholesterol ([@b21-epj-08-1966]). BMI did not show any statistical significant difference between the HD and control group. This result was in agreement with Mu et al. ([@b21-epj-08-1966]). Our study showed statistically significant increase in serum visfatin in the HD group compared to the control group (p \< 0.01); this result was in agreement with different studies on CKD from different perspectives ([@b11-epj-08-1966], [@b22-epj-08-1966], [@b23-epj-08-1966]). However, our results were in disagreement with the results of other researchers who found decreased serum visfatin among end-stage renal disease (ESRD) patients treated by hemodialysis. This may be attributed to the fact that their patients showed a reduction in body fat mass with increased insulin levels, since insulin is known to suppress visfatin levels ([@b24-epj-08-1966]). Due to the dramatic effect of the loss of renal function on excreting cytokines and adipokines, the systemic effect of visfatin may be greater in CKD patients than in the general population. Also, Axelsson et al. ([@b11-epj-08-1966]) found that visfatin was associated with soluble vascular adhesion molecule 1, which is a biomarker of endothelial damage (ED) in CKD. In addition, since proteinuria is an important predictor of ED in early diabetic nephropathy, an association can be observed between proteinuria and visfatin levels ([@b14-epj-08-1966]). Increased visfatin expression also has been identified in CKD, which is now regarded as a chronic low-grade inflammatory disease ([@b21-epj-08-1966]). A statistically significant increase was found in serum visfatin level in the diabetic group compared to the non-diabetic group (p \< 0.01). In contrast to our results, one study ([@b23-epj-08-1966]) reported no statistically significant difference between the diabetic and non-diabetic groups. This was explained by the role of visfatin in the production of ROS, which strongly supports the concept that visfatin could be one of the cytokines responsible for renal damage in diabetic nephropathy ([@b25-epj-08-1966]). In HD patients, there was a positive correlation between serum visfatin and seum creatinine and blood urea levels and a significant negative correlation with estimated glomerular filtration rate (eGFR). This was in agreement with others, who stated that subjects, with even mild renal dysfunction, also had significant accumulations of visfatin, and visfatin is related inversely to eGFR. They suggested that progressive loss of renal excretion capacity may be involved in the pathogenesis of visfatin accumulation ([@b26-epj-08-1966]). We demonstrated a significant negative correlation between visfatin and (HDLc) among patients with renal impairment. This was in agreement with Mu et al. who supported, at least in part, the role of visfatin in uremia-related atherosclerosis ([@b21-epj-08-1966]). However, Lotfy et al. showed no significant correlation between serum visfatin and HDLc ([@b15-epj-08-1966]). IMT showed a statistically significant difference between HD and control group (p \< 0.01), suggesting that visfatin may reflect the degree of atherosclerosis in the carotid vascular bed of HD patients. Clinical studies have shown that CKD patients are more prone to suffering from atherosclerosis than normal subjects ([@b27-epj-08-1966]). Axelsson et al. showed that serum visfatin is more elevated in patients with CKD stage 5 than in those with CKD stages 3 or 4, and further found that serum (pro-B cell colony enhancing factor) PBEF/visfatinis positively correlated with soluble vascular cell adhesion molecule 1 (VCAM-1), a marker of endothelial damage, in patients with CKD stage 5 ([@b11-epj-08-1966]).

Recently, one study suggested that visfatin is localized to foam cell macrophages within unstable atherosclerotic lesions, which might play a role in plaque destabilization ([@b28-epj-08-1966]). Because visfatin displays potential pro-inflammatory action and has been found to be expressed in human atherosclerotic plaques, the ubiquitous adipokine may directly participate in the development of atherosclerosis in CKD patients ([@b21-epj-08-1966]). This was in agreement with others who demonstrated increased prevalence of CVD in CKD patients with detectable carotid plaques, and we explained this finding by the presence of significant trend towards more pro-atherogenic values with decreasing GFR, proposing the reason associated with the development of atherosclerosis in CKD patients ([@b26-epj-08-1966]). A cross-talk between adipose tissue and the endothelium has been discovered in recent research, and this issue is being investigated extensively. Numerous studies have suggested that visfatin has an important role as both an intracellular and extracellular regulator of vascular function ([@b29-epj-08-1966], [@b30-epj-08-1966]). Visfatin even has been described as extending the lifespan of the cells in smooth muscles by augmenting SIRT1-mediated p53 degradation ([@b31-epj-08-1966]). Also, visfatin promotes the acquisition of a mature, smooth, muscle-cell phenotype in a nicotinamide adenine dinucleotide (NAD)-dependent way, which is an important step in terminating smooth muscle cell--mediated remodeling of diseased arteries ([@b32-epj-08-1966]). Thus, visfatin may function as a survival factor in smooth muscle cells and limit aberrant vascular remodeling. Furthermore, visfatin has been shown to promote angiogenesis, and it is negatively correlated with vascular endothelial function in vivo ([@b33-epj-08-1966]).

5. Conclusions
==============

After thorough analysis of our results, we concluded that visfatin is up-regulated in patients on maintenance hemodialysis with and without diabetes. Also, its association with IMT suggests that it is involved in the pathogenesis of atherosclerosis in HD patients and that it may be a marker of endothelial damage in CKD. Future research will be directed at developing therapeutic approaches targeting visfatin. Inflammation and endothelial dysfunction are a common pathological events in many diseases, including ischemic heart disease and chronic kidney disease. Thus, determining ways to block inflammatory cytokines may provide a vital approach for preventing, or at least retarding, the progression of such diseases.
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###### 

Demographic features of the studied groups

  Variables                       HD group         Control group   
  ------------------------------- ---------------- --------------- ----------
  Age (years)                     52.94 ± 14.14    43.17 ± 10.24   
                                                                   
  Gender                          Male \[n (%)\]   22 (55%)        12 (60%)
                                                                   
  Female \[n (%)\]                18 (45%)         8 (40%)         
                                                                   
  Duration of dialysis (months)   60.60 ± 51.28    \-              
                                                                   
  Body mass index (kg/m^2^)       28.20 ± 3.84     26.60 ± 3.59    
                                                                   
  DM patients \[n (%)\]           20 (50%)         0%              
  Non-DM patients \[n (%)\]       20 (50%)         20 (100%)       
                                                                   
  Hypertension \[n (%)\]          18 (45%)         0%              

###### 

Laboratory data of all studied groups

  Variables             HD group                                                        Control group
  --------------------- --------------------------------------------------------------- ----------------
  Urea (mg/dl)          94.03 ± 29.74[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}     33.47 ± 8.63
  Creat (mg/dl)         9.05 ± 2.68[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}       0.78 ± .17
  eGFR                  7.74 ± 3.36[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}       114.18 ± 27.38
  Ca (mg/dl)            9.03 ± .94                                                      9.13 ± .57
  Po4 (mg/dl)           5.13 ± 1.87[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}       4.09 ± .74
  Ca × P                45.69 ± 15.26[\*](#tfn1-epj-08-1966){ref-type="table-fn"}       37.29 ± 6.96
  Na (mg/dl)            130.76 ± 4.42[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}     139.25 ± 3.67
  K (mg/dl)             4.70 ± .82[\*](#tfn1-epj-08-1966){ref-type="table-fn"}          4.32 ± .48
  Glucose (mg/dl)       144.77 ± 61.78[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}    104.16 ± 23.32
  Cholesterol (mg/dl)   162.40 ± 37.35                                                  145.16 ± 35.25
  TG (mg/dl)            206.84 ± 129.40[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}   118.60 ± 23.86
  LDLc (mg/dl)          97.41 ± 32.91[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}     70.60 ± 14.92
  HDLc (mg/dl)          32.37 ± 3.67[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}      54.95 ± 7.06
  Hb (gm/dl)            10.40 ± 1.69[\*](#tfn1-epj-08-1966){ref-type="table-fn"}        11.60 ± 1.79
  Visfatin(ng/ml)       91.29 ± 40.71[\*\*](#tfn2-epj-08-1966){ref-type="table-fn"}     58.24 ± 8.56

p\<0.05,

p\<0.001 versus control group;

eGFR, estimated glomerular filtration rate; HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein cholesterol

###### 

Correlations of serum visfatin (ng/ml) and different parameters in the HD group

  Variables   r        p-value
  ----------- -------- ---------
  Urea        0.43     0.008
  Creatinin   0.47     0.004
  HDLc        −0.411   0.004
  eGFR        −0.55    0.001
  IMT         0.41     0.002
